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Abstract 
Our research assessed the efficacy of didactic contents adapted to cognitive styles in a SCORM environment by 
examining the difference between e-learners and traditional learners with reference to learning processes such as 
intrinsic motivation, metacognition, learning strategies. 
98 undergraduate students completed a questionnaire composed by the Cognitive Style Questionnaire, the Intrinsic 
Motivation Scale, the Metacognition and Self Regulated Learning Scale, and the Learning Strategies. ANOVA was 
conducted to compare the variables of interest. Data showed the efficacy of the adaptation of learning contents to 
cognitive styles, even with low levels of e-  
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1. Introduction 
The recent spread of new technologies, designed as tools for intellectual work, is transforming the 
concept of education to forms that include the creation of conditions favoring the self-evaluation 
processes by tailoring the subject contents according to students' needs, prior knowledge and/or different 
cognitive styles. This new perspective on education is important in the light of the widely accepted 
constructivist approach that emphasizes the role of the learner being actively involved in the learning 
process, i.e., he/she constructs his/her own knowledge on the basis of prior experiences, unlike previous 
educational viewpoints where the responsibility rested with the instructor to teach. 
Adaptive hypermedia learning systems (AHLSs) serve this purpose (Chen, 2010; Clewley, Chen, & 
Liu, 2011). As human factors are an integral part of them, there is a need to examine those individual 
characteristics that can potentially affect the design of human-computer interaction. Research has 
generally focused on gender differences (Plumm, 2008, Tsai, & Tsai, 2010), prior knowledge (Greene et 
al., 2010; Lee, & Chen, 2009), and cognitive styles (Calcaterra, Antonietti, & Underwood, 2005; Chen, & 
with AHLSs can improve their learning outcomes (Moerkerke, 1996; Weibelzahl, 2001) and even 
increase their satisfaction (Weibelzahl, Lippitsch, & Weber, 2002), there are no reliable data concerning 
cognitive styles as important predictors of subsequent study performance (Boyle, Duffy, & Dunleavy, 
2003; Wang et al., 2006; Mitchell, Chen, & Macredie, 2005a, 2005b). How, then, can we possibly explain 
such contradictory data? 
According to the different approaches, psychologists proposed several dimensions of cognitive style, 
l 
way of perceiving, remembering, thinking, and problem solving (Riding, & Rayner, 1998). In past 
decades, the various dimensions have often been studied as opposing pairs, such as field-dependent vs 
field-independent (Witkin, 1962), reflective vs impulsive (Kagan, 1965), wholist vs serialist (Pask, 1976; 
1988), verbalizer vs visualizer (Paivio, 1971). The most common hypotheses emerged in the 1990s, one 
to the effect that there is a unified structure based on an analytical-intuitive (holistic) style related to the 
hemispheric lateralization of the brain (Allinson, & Hayes, 1996; Hayes, & Allinson, 1994), the other 
establishing two major orthogonal cognitive style families based on the correlations among different 
cognitive styles, methods of assessment, and effects on behaviour: wholistic-analytic and verbalizer-
imager (i.e., whether individuals have the tendency to represent information during thinking verbally vs. 
in images) (Riding, & Cheema, 1991). A further attempt made by Sternberg took into account a 
multidimensional model consisting of 13 styles that explained individual differences in the regulation of 
intellectual activity (Sternberg, 1985; 1997). 
On the basis of information obtained during investigations carried out by our research group 
(Monacis et al., 2009; 2012), the study presented in this paper aimed to further evaluate the effectiveness 
of AHSs tailored to the four-stage model of cognitive style introduced by Cornoldi and De Beni in the 
1990s (Cornoldi, & De Beni, 1997; 2001). To this end, some selected didactic contents (Learning 
Objects; LOs) were previously adapted to the four cognitive styles and enabled by a SCORM 
environment. SCORM (Sharable Content Object Reference Model) is one of the most widespread 
standards due to its interoperability between the content (LO) and the container (LMS). Thus, it allows 
the definition of learning contents that can be easily adapted to LMS User interaction. In addition, as the 
learning process is usually affected or conditioned by diverse factors such as motivation, reward, etc., our 
study examined those constructs that are mostly left unstudied together in similar investigations, i.e., 
intrinsic motivation, learning strategies, and metacognition. It was expected that the results confirmed a 
significant difference in achievement between e-learners and traditional learners: the former learned more 
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easily and with longer-lasting effects than the traditional learners, even in the presence of low levels of 
intrinsic motivation, metacognition, and learning strategies.  
2. Mental behaviours in virtual environments 
relating to methods of information processing and organization (Riding, & Rayner, 1998), the research 
group coordinated by Cornoldi and De Beni presented a model of learning oriented to four cognitive 
styles: 1. the global style involves a preference for seeing the task in the broadest possible perspective and 
gaining an overview of the area of study in order to contextualize the details; 2. the analytic style consists 
in step-by-step learning; 3. the visual style refers to those individuals who think in pictures and learn best 
from visual displays. During a lecture, visual learners often prefer to take detailed notes to absorb the 
information; 4. the verbal style belongs to those individuals who learn best through verbal lectures, 
discussions, and listening to what others have to say. These learners interpret the underlying meanings of 
speech by listening to tone of voice, pitch, speed, etc. (De Beni, Moè, & Cornoldi, 2003). 
A following broader model was tailored to e-learning environments and composed by further factors 
affecting learning, such as attitudes, motivation, resilience, etc. (Mammarella, Cornoldi, & Pazzaglia, 
2010). Following this model, the current research aimed to analyse the significant differences between e-
learners and traditional learners with reference to learning processes such as intrinsic motivation, 
metacognition, learning strategies, that are taken into account by the above mentioned model. 
Intrinsic motivation has generally referred to the motivation to seek rewards derived directly from or 
inherent in the task or job itself. Metacognition indicates what a subject knows or believes about cognitive 
processes (memory, understanding, etc.). It may include ideas about cognitive functioning, convictions 
them. Learning strategies are techniques, principles, or rules that facilitate the acquisition, manipulation, 
integration, storage, and retrieval of information across situations and settings (Master, Mori, & Mori, 
1993). It would be appropriate to affirm that learning strategies are actions taken by the learner to assist in 
learning more effectively. 
In conclusion, the assessment of the above mentioned factors could provide useful data on the final 
learning outcomes. 
3. Methods  
3.1. Participants  
The sample was composed of 105 undergraduate students (47 males and 58 females) recruited from 
the third-year Informatics and Digital Communication course of the University of Taranto (Italy). 7 
participants were excluded because they did not complete the procedure. The mean age was 21.30 ± 1.8.  
3.2. Research instruments  
Cognitive Style Questionnaire (CSQ) (De Beni, Moè, & Cornoldi, 2003). This assesses cognitive style 
on global-analytic and verbal-imagery dimensions. I
The questionnaire is divided into two parts, each of which contains nine items using a 5-point Likert scale 
 analytic and global learners and Part II the 
preference for verbal processing or visual images. The questionnaire has to be completed individually 
within 25 minutes. The following procedure was used to determine the specific cognitive style. After 
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assigning positive and negative scores to each question according to the scheme suggested by the CSQ, 
we calculated: a. the total sum of the scores for each dimension (analytic/global and visual/verbal styles); 
b. the standard deviation to assess the variability within the scores resulting from the sum; c. the High-
-Values (x  style was defined under these conditions: 
visual and analytic styles when the sum of the positive and negative scores was less than the Low-Value 
(x1 < LV), verbal and global styles when the sum was higher than the High-Value (x1 > LV).  
Intrinsic Motivation Scale (IMS). This scale was taken from the Questionnaire on the Processes of 
Learning (QPA), which was worked out in 2005 by Polácek in the field of cognitive psychology (Polácek, 
2005). The version used in the present study was in the D-form, i.e. for high school students. The 18 
items of the IMS, rated on a five-
nce related to interest, joyful involvement, persistence, perceived 
competence, usefulness, effort, and concentrated attention. All these components are theorized to be 
intrinsically motivating activities are those in which people engage for no reward other than the interest 
and enjoyment that accompany them (Deci, 1972; Lepper, & Malone, 1987). 
scale was high (  = .869). 
Metacognition and Self-regulated Learning Scale (MSLS). T  
(Polácek, 2005), too. It assesses two different components appearing as a single factor, because a good 
metacognitive ability improves the self-management of learning, i.e., a self-regulated learning. The 18 
items of the MSLS are rated on a five-
 
Learning Strategies Scale (LSS). The scale, created by Polácek (2005), involves in all 18 items rated 
on a five-
techniques, such as how students choose the important information, take productive notes, answer 
questions, select the most appropriate learning strategy for own learning, pursue the degree of 
effectiveness of the strategy, high 
 
5 learning units. Each unit containing not more than 7 chunks was elaborated according to the 
characteristics of the above mentioned cognitive styles. The main topics were: Definitions and features of 
Verbal, Non-Verbal Communication, CMC, Intentionality, Persuasion. Text for 1. global style: 15 lines 
and key words in bold to highlight the main topic; 2. analytic style: maximum 25 lines and a list of the 
main elements of the unit; 3. visual style: coloured characters, drawings, and cartoons were used; 4. 
verbal style: the written text was accompanied by an oral recording. The units had previously been 
submitted to a comprehension analysis. In fact, an additional sample of students had selected the four 
most understandable versions (two for the first phase of presentation and two for the reinforcing phase) 
from eight versions of each style of the same unit (4 for each phase). Therefore, each unit consisted of a 
total of 16 SCOs and the whole package amounted to 80 SCOs. 
Comprehension tests, made up of 30 multiple-choice questions concerning the content of the units, 
were administered to participants after each unit to assess their learning performances. The test had to be 
completed within 20 minutes. The final test, which was given two weeks later, consisted of the same 
questions put in a different sequence. 
3.3. Experimental procedures 
The empirical study consisted of the following steps: 
- Questionnaire administration by means of a computer. As for the CSQ, two scoring procedures were 
computed for each part. The highest score indicated the preferred cognitive style. 
- Arrangement of the experimental setting. The sample was evenly distributed into two groups. 
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- Presentation of the learning units. Learning materials were presented in two different ways: e-learners 
received the units tailored according to their cognitive styles, whereas the traditional learners received 
the same but non-adapted units. Each topic of the content domain was subdivided into different units 
implemented according to the four above mentioned cognitive styles. The units were followed by a 
multiple choice comprehension test. If an individual failed the test, the same learning content was given 
in the same cognitive style but with a different presentation mode followed by a second test. In the 
event of successful learning, the navigation path supported by the same cognitive style was continued. 
Otherwise, the same content was presented with a switching to the second preferred cognitive style. The 
next step focused on the definition of a process able to build an interoperable LO that could be easily 
integrated into any e-learning environment. As the implementation of the defined adaptive model using 
SCORM standard requires a high level of granularity, the learning content was split into different units. 
As the Shareable Content Object (SCO) is the smallest unit that can be launched and traced by the LMS, 
and given that the SN rules allow for a choice between these components and offer different 
navigational paths, each unit was implemented in a SCO. In particular, two kinds of SCO were created 
for each topic, i.e., the unit and the reinforcement. Moreover, the presentation of the learning contents 
was presented in four cognitive styles, eight SCOs were built for each unit. 
- Comprehension tests. Failure was established at < 18 points. The scores ranged from 18 to 30. 
3.4. Data analysis 
A 2x2x2x2x4 between-subjects design was used to assess the efficacy of the LOs. The independent 
variables were: Learning Objects Adaptation (LOA) (2 levels: adaptation vs. non adaptation), Intrinsic 
Motivation (IM) (2 levels: high vs. low), Metacognition and Self-regulated Learning (MeSRL) (2 levels: 
high vs. low), Learning Strategies (LS) (2 levels: high vs. low), and Cognitive Style (CS) (4 levels: 
global, analytic, verbalizer, visualizer). The dependent variable was the learning outcomes, defined as the 
mean score between the first comprehension test and the second one. Data were analyzed by using 
Statistical Package for the Social Sciences (SPSS). 
The null hypotheses were:  
H01) There was no main effect of the LOA, IM, MeSRL, LS, and CS on the learning outcomes, i.e., there 
were no differences in the mean score of the learning outcomes between groups. 
H02) There was no first, second, third, and fourth order interaction among LOA, IM, MeSRL, LS and CS.  
4. Results and Discussion 
Out of 98 subjects 27,55% (n = 27) were global, 23,47% (n = 23) were analytic, 22,45% (n = 22) 
were verbalizers, and 26,53% (n = 26) were visualizers. The subjects were then evenly distributed into 
two groups: e-learners (n = 49) and traditional learners (n = 49). 
ANOVA analysis indicated significant main effects of  LOA (F(1,64) = 16,968, p < .05, partial 2 = 
.210), cognitive style (F(3,64) 2  = .142), Intrinsic Motivation (F(1,64) = 12,213, p 
2 = .160), and Learning Strategies (F(1,64) = 6,388, p < .05, partial 2 = .091) on the 
learning outcomes (Table 1). There was a statistically significant difference between mean scores 
obtained by: the e-learners and the traditional learners; globals, analytics, verbalizers, and visualizers; 
learners with high and low intrinsic motivation, and with high and low levels of learning strategies. As for 
the first group, post-hoc analyses showed that the e-learners gained higher mean score (  = 26,946) than 
the traditional learners (  = 24,959). With respect to cognitive style, the mean score gained by the 
visualizers (  = 28,172) was higher than the score gained by the globals (  = 25,863), the analytics (  = 
24,604), and the verbalizers (  = 25,096). As for intrinsic motivation, subjects with high intrinsic 
motivation gained higher mean scores (  = 26,797) than those with low intrinsic motivation. Finally, as 
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for learning strategies, the subjects with high levels of learning strategies gained higher mean scores (  = 
26,027) than those with low levels of learning strategies (  = 25,763). 
 
Table 1 
Test of between-subjects effects 
Dependent Variable: Comprehension test  
Source Type III Sum of Squares df 
Mean 
Square F Sig. 
Partial Eta 
square 
Corrected model 477,224(a) 29 16,456 2,440 ,002 ,525 
Intercept 27.192,738 1 27.192,738 4.031,242 ,000 ,984 
LOA 114,460 1 114,460 16,968 ,000 ,210 
MeSRL 0,000 1 0,000 0,000 1,000 ,000 
Cognitive Style (CS) 71,359 3 23,786 3,526 ,020 ,142 
Intrinsic motivation (IM) 82,385 1 82,385 12,213 ,001 ,160 
Learning Strategies (LSs) 43,092 1 43,092 6,388 ,014 ,091 
LOA * MeSRL 31,114 1 31,114 4,613 ,036 ,067 
LOA * CS 19,416 3 6,472 0,959 ,417 ,043 
MeSRL * CS 40,000 1 40,000 5,930 ,018 ,085 
LOA * MeSRL * CS 0,000 0 . . . ,000 
LOA * IM 18,167 1 18,167 2,693 ,106 ,040 
MeSRL * IM 46,225 1 46,225 6,853 ,011 ,097 
LOA * MeSRL * IM 0,000 0 . . . ,000 
CS * IM 23,739 3 7,913 1,173 ,327 ,052 
LOA * CS * IM 5,934 1 5,934 0,880 ,352 ,014 
MeSRL * CS * IM 0,000 0 . . . ,000 
LOA * MeSRL * CS * IM 0,000 0 . . . ,000 
LOA * LS 22,100 1 22,100 3,276 ,075 ,049 
MeSRL * LSs 56,077 1 56,077 8,313 ,005 ,115 
LOA * MeSRL * LSs 0,000 0 . . . ,000 
CS * LSs 2,173 2 1,086 0,161 ,852 ,005 
LOA * CS * LSs 0,000 0 . . . ,000 
MeSRL * CS * LSs 0,000 0 . . . ,000 
LOA * MeSRL * CS * LSs 0,000 0 . . . ,000 
IM * LSs 12,942 1 12,942 1,919 ,171 ,029 
LOA * IM * LSs 19,908 1 19,908 2,951 ,091 ,044 
MeSRL * MI * LSs 0,000 0 . . . ,000 
LOA * MeSRL * IM * LSs 0,000 0 . . . ,000 
CS * IM * LSs 0,000 0 . . . ,000 
LOA * CS * IM * LSs 0,000 0 . . . ,000 
MeSRL * CS * IM * LSs 0,000 0 . . . ,000 
LOA * MeSRL * CS * IM * LSs 0,000 0 . . . ,000 
Error 431,712 64 6,745       
Total 64.974,000 98         
Corrected Total 908,936 97         
a. R Squared = ,525 (Adjusted R Squared = ,310) 
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As for the interaction effects was concerned, there were three first order interaction effects: 
LOA*MeSRL (F(1,64) = 4,613 2 = .067), MeSRL*Cognitive Style (F(1,64) = 5,930, p < 
2 = .085), and MeSRL * Learning Strategies (F(1,64) = 8,313 2 = .115). 
There was a statistically significant difference between mean scores gained by the e-learners and the 
traditional learners with low level of metacognition. 
As for MeSRL*Cognitive Style, there was a significant difference between mean scores gained by 
the globals and the visualizers with low levels of metacognition. Findings from post-hoc analyses showed 
that: 1. the e-learners gained higher mean scores (  = 28,500) than the traditional learners (  = 25,327) 
both with low level of metacognition; 2. visualizers gained higher mean scores (  = 28,705) than the 
globals (  = 25,693) both with low level of metacognition. 
 
Table 2 
Pairwise comparisons 
Dependent Variable: Comprehension test  
MeSR
L 
(I) E-learners vs. 
traditional learners  
(J) E-learners vs. 
traditional learners  
Mean 
difference  
(I-J) Std. error Sig.(a) 
95% Confidence 
Interval (a) 
Lower 
Bound 
Upper 
Bound 
Low E-learners Traditional learners 3,173(*,b,c) 1,302 ,018 ,572 5,773 Traditional learners E-learners -3,173(*,b,c) 1,302 ,018 -5,773 -,572 
High E-learners 
Traditional learners 1,587(b,c) ,821 ,058 -,053 3,226 
Traditional learners E-learners -1,587(b,c) ,821 ,058 -3,226 ,053 
 
Finally, as for MeSRL * Learning Strategies, there was a statistically significant difference between 
mean scores gained by the subjects with high level of metacognition and low level of learning strategies. 
Post-hoc analyses showed that learners with low level of metacognition gained higher mean scores (  = 
26,995) than the subjects with high level of metacognition (  = 24,806) both with low level of learning 
strategies (Table 2). 
5. Conclusion 
Our research confirmed the 
style in an e-learning setting. As a matter of fact, the low levels of intrinsic motivation, metacognition, 
and learning strategies did not prevent good outcomes of a long-term learning. However, as the construct 
of intrinsic motivation lost strength in presence of metacognition, the findings of the research suggested 
further investigations into a broader sample of students.  
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